Objective: To evaluate the transverse relationships of the first permanent molars after the correction of posterior crossbite performed during the deciduous dentition with two different treatment protocols. Materials/methods: Ninety patients (40 males and 50 females) with posterior crossbite were treated during the deciduous dentition with either a removable expansion plate (RP group, 60 patients) or rapid maxillary expander (RME group, 30 patients). The dental casts before treatment (T0, mean age 5.1 ± 0.7 years) and after treatment, when the first permanent molars were fully erupted, (T1, mean age 7.7 ± 1.0 years) were analysed. The prevalence rates for posterior crossbite on the first permanent molars in the two groups were compared by means of chi-squared test with Yates correction. A logistic regression was performed to evaluate the factors that could influence the presence/absence of posterior crossbite on the first permanent molars. Results: Prevalence rate of posterior crossbite on the first permanent molars at T1 was 34.4 per cent in the total sample, 28.3 per cent for the RP group and 46.6 per cent for the RME group. No significant predictors for the 'presence/absence of posterior crossbite on the first permanent molars' at T1 were found. Limitations: Retrospective study. Conclusions: After treatment of posterior crossbite during the deciduous dentition phase, the first permanent molars erupted in crossbite in the 34.4 per cent of the cases. The type of treatment is not a significant predictor for the presence of posterior crossbite on the first permanent molars.
Introduction
Posterior crossbite is one of the most frequent malocclusions in Caucasian growing subjects, with a prevalence rate that varies between 8 per cent and 22 per cent (1) . A very high percentage of subjects with posterior crossbite (90 per cent) shows a unilateral posterior crossbite (1) (2) (3) , which is often associated with lateral mandibular shift. The current general approach to the treatment of posterior crossbite provides to correct it during the early stages of development. As a matter of fact, the occlusion in the primary dentition seems to affect the status of the permanent dentition (2) , therefore posterior crossbite on the deciduous teeth could occur afterwards in the permanent dentition. Moreover, the literature (4) (5) suggests that posterior crossbite is not often self-correcting. On the other hand, during the years, many studies (6) (7) (8) (9) have reported associations between signs and symptoms of temporomandibular disorders and posterior crossbite in young patients. These issues led to the need to perform early treatment of posterior crossbite. The recommended therapy to correct posterior crossbite during the early developmental phases is represented by the expansion of the maxillary arch, which is performed in most of the cases after the selective grinding of deciduous teeth (5) . Different appliances may be used to realize the expansion of maxillary arch (10) . The most common expansion devices are removable expansion plates and rapid maxillary expanders.
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In the literature, very few studies evaluated the stability of the effects of treatment of posterior crossbite in the deciduous dentition and they reported different results. A few studies analysed the prevalence of success of early treatment with grinding alone (11) , with grinding and removable expansion plate (5) or with grinding and removable expansion plate, quad helix, and crossbite elastics (2) at a follow-up time. Another study (12) verified the stability of the early correction of crossbite performed by means of a fixed palatal arch with anterior Coffin loop (12) . It should be noted that only Schröder and Schröder (12) evaluated the transverse relationships of the first permanent molars in patients with posterior crossbite treated during the deciduous dentition. Some studies analysed the correction of posterior crossbite on the permanent first molars after treatment with rapid maxillary expanders anchored only in deciduous teeth (13) (14) (15) . No studies have analysed the transverse relationships of the first permanent molars in patients treated in the deciduous dentition phase with different expansion protocols.
The aim of the present retrospective study, therefore, was to evaluate the effects of the correction of posterior crossbite during the deciduous dentition with two expansion protocols on the transverse relationships of the permanent first molars in the mixed dentition.
Subjects and methods
Ethical approval (#2015/171) was obtained from the Pediatric Ethics Committee of the Tuscany Region. Ninety patients (40 males and 50 females) with posterior crossbite in the deciduous dentition were selected from a parent sample of 5000 patients treated at the Unit of Orthodontics of the University of Florence from 1975 to 2014. All patients included in the final sample were treated consecutively for the correction of posterior crossbite during the deciduous dentition phase and they were selected according to the following criteria: Inclusion criteria:
• presence of bilateral or unilateral posterior crossbite in the deciduous dentition. Posterior crossbite was determined when in maximum intercuspation the buccal cusps of the upper posterior teeth (deciduous canine included) occluded lingually or in an end-to-end transverse relationship with respect to the buccal cusps of the lower posterior teeth; • negative posterior transverse interarch discrepancy (PTID) (16); • active expansion treatment completed during the deciduous dentition phase; • availability of dental casts before (deciduous dentition) and after (mixed dentition) expansion therapy.
Exclusion criteria:
• active expansion treatment that continued during the mixed dentition phase; • presence of syndromes;
• presence of lip/palate cleft; • ectopic eruption of either upper or lower first permanent molars.
In the final sample 16 patients (17.8 per cent) showed a bilateral posterior crossbite and 74 patients (82.2 per cent) showed a unilateral posterior crossbite. A lateral mandibular shift was observed in 52 patients (57.8 per cent).
The patients were treated with two different treatment protocols: removable expansion plate (RP group, 60 patients) and rapid maxillary expansion (RME group, 30 patients). Table 1 reports the features of the two groups. For every patient, the dental casts before treatment in the deciduous dentition (T0, mean age 5.1 ± 0.7 years) and after active expansion treatment in the mixed dentition (T1, mean age 7.7 ± 1.0 years) were available. The dental casts at T1 were the first casts available in the mixed dentition with the first permanent molars fully erupted. This event could occur during the retention period. All the removable retention devices were applied exclusively on the deciduous teeth. On the dental cast at T0, the presence of posterior crossbite was verified and the PTID was measured on the first deciduous molars (PTID D T0). The PTID at T0 was calculated as the difference between the distance of the central fossae of right and left first deciduous upper molars (D UPP T0) and the distance of the tips of the distobuccal cusps of right and left first deciduous lower molars (D LOW T0) (13) .
On the dental cast at T1, the presence/absence of posterior crossbite on the first permanent molars was recorded. Posterior crossbite was determined when in maximum intercuspation the buccal cusps of the upper first permanent molar occluded lingually or in an endto-end transverse relationship with respect to the buccal cusps of the lower first permanent molar. At T1, the PTID was measured on the first deciduous molars (PTID D T1) and on the first permanent molars (PTID 6 T1). The PTID 6 T1 was calculated as the difference between the distance of central fossae of the right and left first permanent upper molars (6 UPP T1) and the distance of the tips of the distobuccal cusps of the right and left first permanent lower molars (6 LOW T1) (17) .
All the PTID measurements were taken by means of a dental caliper with sharp points (accuracy of 0.1 mm).
For all patients included in the study, the sagittal skeletal relationships were evaluated on the lateral cephalogram at T0 by means of the ANB angle (18) and the sagittal relationships of the second deciduous molars according to Moyers (19) were evaluated on the dental cast at T0.
Removable expansion plate (RP) protocol
The patients treated with RP (16) ( Figure 1 ) were instructed to wear the appliance full-time except during meals and sport activities. The springs were activated about 2 mm every 4 weeks with Angle or Tweed pliers by the clinician. After the overcorrection of the posterior crossbite was achieved (palatal cusps of the upper posterior Table 1 . Clinical features at T0 of the RP (n = 60) and the RME (n = 30) groups. RP = removable expansion plate; RME = rapid maxillary expander.
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No lateral mandibular shift deciduous teeth approximating the buccal cusps of the lower posterior deciduous teeth), the RP was worn as retention appliance at night. The mean duration of the treatment with RP (active treatment and retention) was 2.2 ± 1.1 years.
Patient compliance with the RP was assessed by means of a three-point Likert-type scale (poor, moderate, and good) (20) . Poor compliance was reported when the patient wore the removable plate only at night. Moderate compliance occurred when the patient wore the appliance during the afternoon and at night, while good compliance was assessed when the patient wore the RP regularly as suggested by the clinician.
RME protocol
In most of the patients included in the RME group, a bonded acrylic splint expander (21) (Figure 2 ) was used. This expander was bonded on the deciduous canines and on the deciduous molars. In only two cases, a butterfly expander (22) (Figure 3 ) with bands cemented on second deciduous molars was used. The parents of the patients were instructed to activate the expansion screw ¼ of a turn per day (0.2 mm) until the overcorrection of the transverse dimension was achieved (palatal cusps of the upper posterior deciduous teeth approximating the buccal cusps of the lower posterior deciduous teeth). Then the screw was blocked with a stainless steel ligature or with composite, and the expander was left in place for 6 months (2 patients) or 12 months in Class III patients (28 patients). After the removal of the expander, a Hawley appliance or a mandibular retractor appliance (23) was delivered to the patient as retention appliance. The mean duration of the treatment (RME and retention) was 1.5 ± 0.6 years.
Statistical analysis
Descriptive statistics for age at T0 and T1 and for the measurements on dental casts at T0 and T1 for the two treatment groups was calculated. The two groups were compared by means of the t-test for independent samples for the normally distributed variables and by means of the Mann-Whitney test for the other variables. Normal distribution was assessed with the Kolmogorov-Smirnov test.
Comparisons of the prevalence rates for gender, posterior crossbite on first permanent molars at T1, sagittal skeletal relationships at T0, timing of dental cast at T1 (i.e. either during the retention period or after the end of the retention period), sagittal dental relationships at T0 in the two groups, and posterior crossbite at T1 on first permanent molars in the different sagittal skeletal groups (Class I, II, and III) were performed by means of chi-squared test with Yates correction. A logistic regression was performed to evaluate the influence of the independent variables (gender, age at T0, PTID D T0, type of therapy, timing of dental cast at T1, sagittal skeletal relationships at T0, and observation period) on the dependent variable 'presence/absence of posterior crossbite on the first permanent molars'. All statistical computations were performed with a statistical software (SigmaStat 3.5, Systat Software, Point Richmond, CA).
Prior data (24) indicate that the probability of the presence of posterior crossbite in the mixed dentition among patients treated in the deciduous dentition with a removable expansion plate is 26 per cent. If we consider a value of 4 as a clinically significant odds ratio for the presence of posterior crossbite in the mixed dentition in patients treated in the deciduous dentition with RME relative to patients treated with RP, we will be able to reject the null hypothesis that this odds ratio equals 1 with a probability (power) of 84.8 per cent. The type I error probability associated with this test of this null hypothesis is 0.05. The calculation of the power was performed with a specific software (PS Power and Sample Size Calculations, Version 3.0).
Method error
The dental casts of 20 patients were measured twice within a week by the same operator (CL). The data were analysed by means of t-test for dependent samples to evaluate the systematic error and with the method of moments estimator (25) for the evaluation of the random error. No systematic error was found for the studied variables. The random error varied between a minimum of 0.25 mm (6 UPP T1 and 6 LOW T1) and a maximum of 0.40 mm (D LOW T0).
The same 20 dental casts were measured by another operator expert in these measurements (MC) and the agreement between the two operators was calculated by means of the intraclass correlation coefficient with the 'two-way random' procedure. The obtained values varied between the 0.976 (D UPP T0 and D LOW T0) and 0.997 (D LOW T1) with perfect agreement for 1.000.
Results
Descriptive statistics and statistical comparisons between the RP and the RME groups are reported in Table 2 . The age at the beginning of treatment (T0) was significantly lower in the RP group than in the RME group (0.9 years). The RP group showed a significantly greater PTID D T0 with respect to the RME group (−0.8 mm). The age at the end of treatment was significantly lower in the RME group than in the RP group (0.7 years). The RME group revealed a significantly greater PTID 6 T1 with respect to the RP group (1.1 mm) .
Of the 90 patients, 31 patients (34.4 per cent) showed a posterior crossbite on the first permanent molars at T1 (Table 3) . Seventeen patients of the RP group (28.3 per cent) and 14 patients the RME group (46.7 per cent) revealed a posterior crossbite on the first permanent molars at T1. No statistically significant differences between the two groups were found as to gender distribution and the presence of posterior crossbite at T1 (χ 2 = 0.951, P = 0.330 and χ 2 = 2.220, P = 0.136, respectively). The distribution of sagittal dental relationships was not significantly different between the two groups (χ 2 = 0.250, P = 0.617). The RME group showed a significantly greater prevalence rate of dental casts at T1 taken during the retention period, while the prevalence rate of dental casts at T1 taken after the end of retention period was significantly greater in the RP group (χ 2 = 20.31, P < 0.000). The distribution of sagittal skeletal relationships in the two groups was significantly different (χ 2 = 59.18, P < 0.00001), with the RME group showing a very high prevalence of patients with Class III relationships (93.3 per cent). Finally, the distribution of posterior crossbite on first permanent molars at T1 was not significantly different in the three skeletal groups (Class I 23.2 per cent, Class II 38.5 per cent, and Class III 47.0 per cent; χ 2 = 4.87, P = 0.088). The logistic regression for the dependent variable 'presence/ absence of posterior crossbite on the first permanent molars' revealed that no variable was a significant predictor for the 'presence/absence of posterior crossbite on the first permanent molars' at T1 (Table 4) .
The analysis of compliance with the RP revealed that only three patients showed a poor degree of collaboration, while 15 and 42 patients exhibited moderate and good degrees of compliance, respectively.
Discussion
Treatment of posterior crossbite in deciduous dentition phase has been a discussed issue. The early approach to correct the functional unilateral posterior crossbite is recommended in order to reduce the risks of temporomandibular joint disorder and muscles dysfunction (6) (7) (8) (9) and to contribute to a normal development of the occlusion and to a harmonic craniofacial growth (2) .
On the other hand, the literature lacks information about the stability of the effects of treatment of posterior crossbite performed in the deciduous dentition phase. A peculiar feature of this study was that in a sample of 30 patients RME was carried out during the deciduous dentition, in order to correct the posterior crossbite during the early developmental phases. The results of this study showed that the prevalence rate for the posterior crossbite on the first permanent molars at T1 was 34.4 per cent. This value was higher than that reported by Schröder and Schröder (12) . These authors evaluated the prevalence rate of posterior crossbite on the first permanent molars in 32 patients treated in deciduous dentition with a stainless steel lingual arch with an anterior Coffin loop. They found that the 16 per cent of the patients showed an uncorrected transverse first permanent molars occlusion. On the other hand, in 1989, Lindner (11) found that in a sample of 38 children aged 4 years with posterior crossbite treated with selective grinding, only 50 per cent of patients showed a normal transverse relationship when re-evaluated after full eruption of the first permanent molars (at a mean age of 9 years). Thilander et al. (5) evaluated the effects of early grinding treatment alone and early grinding followed by expansion plate in 5-year-old children. These authors reported that at a follow-up investigation performed 10 years later the failure rate (posterior crossbite) of grinding treatment was 72.7 per cent, and the failure rate of grinding associated with expansion plate was 29.2 per cent. Kurol and Berglund (2) found very different results. They analysed the effects of grinding treatment alone and grinding associated with expansion plate, quad helix, and crossbite elastics performed during the primary dentition phase (mean age 5.4 years) at a follow-up Table 2 . Descriptive statistics and statistical comparison between the RP and RME groups. RP = removable expansion plate; RME = rapid maxillary expander. 3 per cent) , who underwent grinding treatment, showed posterior crossbite at the reevaluation. The failure rate of early grinding treatment associated with expansion plate, quad helix, and crossbite elastics was 40 per cent. Looking at the data from these two studies (2, 5) , with respect to the data of the present study, it can be noted that it is very difficult to compare the findings. As a matter of fact, the studies by Thilander et al. (5) and by Kurol and Berglund (2) analysed small samples of patients and they were not focused on the evaluation of the transverse relationships of the first permanent molars after their full eruption as in the present investigation. The present study compared the effects in terms of the presence of crossbite on first permanent molars of two different approaches for the correction of posterior crossbite in the deciduous dentition. At T1 (after the eruption of first permanent molars), the RP group revealed a prevalence rate of crossbite on first permanent molars of 28.3 per cent, while the RME group showed an incorrect transverse molar relationship in 46.7 per cent of the cases. This difference in prevalence rates, however, was not statistically significant (P = 0.136). The prevalence rate of posterior crossbite when measuring the PTID on the first permanent molars at T1 (PTID 6 T1) showed a statistically significant difference between the two groups (RP group = −1.9 mm and RME group = −3.0 mm, P = 0.028). On the contrary, when looking at the values of the PTID measured on the first deciduous molars at T1 (PTID D T1), no significant difference was found between the two groups (RP group = −0.6 mm and RME group = −1.0 mm, P = 0.401). In 2003, Cozzani et al. (26) analysed the effects of the RME treatment performed in 19 crossbite patients during the mixed dentition phase (when the first permanent molars were already erupted). The RME was cemented on the deciduous canine and deciduous second molars as anchorage teeth. They found that the maxillary permanent intermolar width achieved during the active expansion phase was stable. Interestingly, they reported that the spontaneous expansion of first permanent maxillary molars was approximately half of the expansion of the screw and of the anchor deciduous teeth. These findings seem to be consistent with the differences between the PTID D T1 and the PTID 6 T1 reported in the current study. As a matter of fact, at T1, for both the RP group and the RME group, the PTID measured at the first permanent molars level (PTID 6 T1 RP group = −1.9 mm and PTID 6 T1 RME group = −3.0 mm) is about three times the PTID measured at the first deciduous molars level (PTID D T1 RP group = −0.6 mm and PTID D T1 RME group = −1.0 mm). As for the early treatment of posterior crossbite, it can be suggested to wait until the early mixed dentition phase and the complete eruption of the first permanent molars to perform the correction of the posterior crossbite when it is possible. The early mixed dentition phase corresponds to the prepubertal phase of skeletal maturity (27) that has been demonstrated to represent the best timing to achieve effective and stable maxillary transverse skeletal changes (28) .
RP
In order to test whether the 'presence/absence of posterior crossbite on the first permanent molars' could be predicted by other investigated variables (gender, age at T0, PTID D T0, type of therapy, timing of dental cast at T1, sagittal skeletal relationships at T0, and observation period), a logistic regression was performed. The results of the logistic regression showed that no variable was a significant predictor for the posterior crossbite on the first permanent molars. PTID D T0 was the only variable that showed a P value close to statistical significance (P = 0.057). This finding indicate that the greater is the negative PTID measured on the Ds at T0 the greater is the chance of the presence of posterior crossbite on the first permanent Table 3 . Distributions and prevalence rates of gender, posterior crossbite on first permanent molars at T1, sagittal skeletal relationships at T0, timing of dental cast at T1, and sagittal dental relationships at T0 in the RP and RME groups. RetP = retention period; RME = rapid maxillary expander.
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Posterior crossbite on first permanent molars at T1 Sagittal skeletal relationships Timing of dental cast at T1 (24) could be considered consistent with this data from the present investigation. Lindner (11) reported that in patients showing a correct transverse occlusion at the re-evaluation after full eruption of the first permanent molars, the initial 'max./mand. arch width difference' at the deciduous canines was significantly higher than in the patients showing a posterior crossbite. The study by Thilander and Lennartsson (24) showed that the possibility to have an incorrect transverse relationship at the first permanent molars level after the grinding treatment performed during the deciduous dentition phase was statistically correlated with the combination of a narrow upper together with a broad lower crossbite side. A limitation of this study was its retrospective nature. As a consequence, the prevalence rate of sagittal skeletal relationships was different in the RP and RME groups. However, the potential impact of the sagittal skeletal relationships on the presence/absence of crossbite at T1 was tested by including the sagittal skeletal relationships at T0 as predictor in the logistic regression. The results of logistic regression showed that the sagittal skeletal relationships did not influence the presence/absence of crossbite at T1. It should be noted that, although not statistically different, the prevalence rate of posterior crossbite at T1 in Class III patients was about the double of that in Class I patients (47.0 per cent versus 23.2 per cent).
In conclusion, the present study showed that after the early treatment of posterior crossbite performed during the deciduous dentition phase the first permanent molars erupted in an incorrect transverse relationship in the 34.4 per cent of the cases. The type of treatment is not a significant predictor for the presence of posterior crossbite on the first permanent molars. Dependent variable: 'presence/absence of posterior crossbite on the first permanent molars'. Independent variables: sex, age at T0, PTID D T0, timing of dental cast at T1, type of therapy, observation period, sagittal skeletal relationships. Pearson χ 2 statistic: 86.180 (P = 0.246). Likelihood ratio test statistic: 8.274 (P = 0.309). −2 * log (likelihood) = 103.814. Hosmer-Lemeshow statistic: 6.657 (P = 0.574).
